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Elevated temperature is an obvious, but not necessarily the only, germination cue associated with fire. The possibility 
that gases released during a burn may also constitute germination cues, has hitherto been overlooked. Stimulation of 
seed germination of Erica hebecalyx Beth. by heat pretreatments as well as by exposure of both dry and imbibing 
seeds to ethylene and ammonia, suggest that fire under natural conditions will have a direct stimulatory effect on 
seed germination of this species, possibly by means of multiple cues. In contrast, seed germination of Erica sessilifl-
ora Lt. was not stimulated by any of these treatments. 
Verhoogde temperatuur is die ooglopendste, maar nie noodwendig die enigste faktor nie, wat met vuur geassosieerd 
is wat ontkieming van sade mag stimuleer. Die moontlikheid dat gasse wat tydens 'n brand vrygestel word ook 
saadontkieming mag stimuleer is tot op hede oor die hoof gesien. Die stimulering van saadontkieming van Erica 
hebecalyx Beth. deur hitte voorbehandelings sowel as deur blootstelling van beide droe en imbiberende sade aan 
etileen en ammoniak skep die moontlikheid dat 'n natuurlike brand 'n stimulerende invloed op saadontkieming van 
hierdie plantsoort mag uitoefen, moontlik deur middel van meervoudige stimuleringseffekte. In teenstelling hiermee 
is saadontkieming van Erica sessiliflora L.f. nie deur een van die genoemde behandelings gestimuleer nie. 
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Introduction 
Fire appears to be a natural phenomenon in the fynbos ve-
getation of the South African mediterranean climate zone 
(Kruger & Bigalke 1984; Richardson et al. 1984). The com-
ponent species differ in their response to fire with many 
surviving as a result of one or more of a variety of adaptive 
traits (Wicht 1945; Frost 1984; Kruger & Bigalke 1984). 
Although regeneration of fynbos species directly after a 
fire appears to be mainly vegetative (Richardson et al. 
1984), regeneration of some species from seed may be pro-
moted directly or indirectly by fire. 
The indirect effects of fire on regeneration from seed are 
numerous. A classic example is the fire-induced release of 
masses of seeds stored in the canopy of serotinous fynbos 
species (Bond 1980; Bond et al. 1984). Another example is 
that of Leucospermum achenes, which exhibit a germina-
tion requirement for fluctuating low and high temperatures 
which is met only in the immediate post-fire environment 
during winter (Brits 1986). The results of Levyns (1926) 
suggest, as a further example, that the fire-stimulated ger-
mination of Elytropappus rhinocerotis may be due, at least 
in part, to mineral enrichment of the soil by the ash. 
In contrast, little is known of the direct role which fire 
might play in the stimulation of seed germination of fynbos 
species. Heat-stimulated germination has been demonstra-
ted for seeds of Elytropappus rhinocerotis (Levyns 1929) 
and Agathosma species (Blommaert 1972), suggesting a 
direct response to the high temperatures generated during 
a fire under natural conditions. Heat production is an ob-
vious characteristic of fire and it is not surprising that the 
majority of studies on the direct effect of fire on seed ger-
mination have concentrated on this particular factor. How-
ever, other less obvious germination cues associated with 
fires could be the presence of the gases ethylene and 
ammonia. Although both are known to be released during 
vegetation fires (Lewcock 1937; Russell et al. 1974), and 
both are also known germination stimulators (Esashi & 
Leopold 1969; Cairns & de Villiers 1986), their possible 
role as germination cues during fires seem to have been 
overlooked in the past. 
As part of our investigation into factors affecting 
germination of various fynbos species (Esterhuizen et al. 
1986), Erica sessiliflora L. f. and E. hebecalyx Beth. were selec-
ted to examine the .effects of elevated temperatures and ex-
posure to ethylene and ammonia gas on seed germination. 
Materials and Methods 
Seeds of E. sessi/iflora and E. hebecalyx were collected in 
the George area (Cape Province) and stored in screw-cap 
bottles under ambient conditions in the laboratory. Erica 
sessi/iflora has persistent infrutescences and the seed used 
was collected from 'flower heads' which were known to be 
2 to 3 years old. The experiments were all conducted within 
a year of seed collection. 
Three experiments, to test germination response after 
exposure to elevated temperatures, ethylene and 
ammonia, respectively, were conducted with each species. 
Dry seeds were exposed to two high temperatures for 3 
min by placing them in open test tubes in water baths at 
80,0°C and 96,soC. Their germination response was 
compared to that of an untreated control. 
Both dry and imbibing seeds were exposed to different 
concentrations of ammonia and ethylene for periods of 24, 
48 and 72 h. Concentrations employed were ° (control), 1, 
5 and 10% (v/v) ethylene in air and 0,0 (control); 12,5; 
25,0; 50,0 and 100,0 ppm ammonia in air. 
Dry seeds were exposed to the gases in 14 cm3-capacity 
serum bottles fitted with vaccine caps. Imbibing seeds were 
exposed to ethylene by placing them on moist filter paper 
in conical flasks, with a total capacity of 53 cm3 , sealed with 
vaccine caps. For exposure of imbibing seeds to ammonia, 
seeds were placed on moist filter papers in 70-mm diameter 
petri dishes inside 12-dm3 capacity desiccators sealed with 
vaccine caps. Appropriate volumes of the respective gases 
were injected through the vaccine caps after the withdrawal 
of equivalent volumes of air. These treatments were per-
formed on a laboratory bench under ambient light and tem-
perature (ca. 20°C) conditions. 
Dry seeds were surface-sterilized after treatment, before 
subsequent incubation in petri dishes. Imbibing seeds were 
surface-sterilized beforehand and subsequent operations 
were carried out in asepsis. Surface-sterilization consisted 
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of submersion for 20 s in concentrated sulphuric acid 
followed by a rinse with sterile distilled water and subsequent 
submersions in 70% ethanol for 1 min and 0,2% mercuric 
chloride for 2 min. The seeds were finally rinsed with sterile 
distilled water. 
After heat or gas treatment , the seeds were placed on 
two discs of filter paper in 70-mm diameter, sterile petri 
dishes containing 5 cm3 sterile distilled water. 
Incubation proceeded in germination cabinets in both 
light and darkness and seeds of all treatments were incuba-
ted at both woe and 21 oc. Light was supplied by 'cool 
white' fluorescent tubes with an irradiance of 16 fLmol 
em - z s -J. These incubation variables were included in the 
study as they are known to influence germination of both 
species (Esterhuizen 1987). 
Germination counts for E. sessiliflora were made after 5 
weeks and for E. hebecalyx after 9 weeks. A completely 
random statistical design was used, with a factorial arrange-
ment of treatments for each species. Each treatment con-
sisted of 20 seeds per petri dish and treatments were re-
plicated four times in each experiment. Analyses of 
variance were performed on arcsin X/100 transformations 
of germination percentage values. Values for lowest signifi-
cant difference (LSDT) were calculated according to the 
procedure of Tukey (Steel & Torrie 1960). 
Results 
A detailed presentation of the data obtained from a com-
bination of all the factors employed in each experiment is 
not considered necessary. Only those treatment com-
binations (representing pooled data) considered relevant 
to the demonstration of positive responses to heat, 
ethylene and ammonia, will be presented. 
Heat treatments 
Heat treatments stimulated germination of E. hebecalyx 
seeds but had no significant effect on seed germination of 
E. sessiliflora (results of the latter not shown) . 
Germination percentage of E. hebecalyx was increased 
from 2,8% in the untreated control to 13,8% by the 
80,ooe pretreatment and to 16,9% by the 96,5°e pret-
reatment. These are means of data pooled for all other fac-
tors and consequently do not reflect the full promotive ef-
fect of the heat pretreatments experienced in certain 
treatment combinations. A greater stimulatory effect is 
evident in the heat treatment X light X incubation tem-
perature interaction illustrated in Figure 1. The greatest in-
crease in germination above that of an untreated control 
was found in the case of seeds pretreated at 96,5°e and 
subsequently incubated in the light at 21°C. A germina-
tion percentage of 26% was recorded in this case compared 
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to 4% in the control. Pretreatment at both temperatures 
resulted in significant increases at both incubation tem-
peratures in the light. No germination took place in the 
dark, except when incubation proceeded at woe after a 
96,5°e pretreatment. 
Ethylene treatments 
Seed germination of E. sessiliflora was not stimulated by 
ethylene in any treatment (results not shown) . In contrast , 
treatment of E. hebecalyx seeds with ethylene resulted in 
increased germination percentages in certain cases (Table 
1) . Highest germination percentages were obtained after 
exposure of seeds to 1% ethylene for 24 h in the case of 
both dry and imbibing seeds. Higher concentrations of 
ethylene, and longer exposure times, were mainly de-
leterious to seeds which were imbibing during treatment. 
Ammonia treatments 
After exposure to ammonia , germination of seeds of E. 
sessiliflora was not significantly stimulated (results not 
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Figure 1 The influence of light and pretreatment at 80,0°C and 
96,5°C on transformed germination percentages of seeds of Erica 
hebecalyx at incubation temperatures of 10°C and 21 °C. The fi-
gures in parentheses represent mean germination percentage values 
before transformation. 
Table 1 Germination percentage of Erica hebecalyx seeds after exposure for different periods, in the dry and 
imbibing form, to different ethylene concentrations. Transformed values appear in parentheses 
Seeds treated dry Seeds imbibing during treatment 
Exposure period Exposure period 
Ethylene 
concentration 
% (v/v) 24 h 48 h 72h 24 h 48 h 72h 
0 3,44 (0,19) 3,44 (0, 19) 3,44 (0,19) 2,81 (0,17) 2,81 (0,17) 2,81 (0, 17) 
1 13,75 (0,38) 1,25 (0,11) 2,80 (0, 17) 14,85 (0,39) 2,19 (0,15) 0,00 (0,00) 
5 10,62 (0,33) 2,19 (0,15) 6,69 (0 ,26) 6,69 (0,26) 1,25 (0,11) 0,00 (0,00) 
10 6,56 (0,26) 0,31 (0,05) 2,50 (0,16) 1,56 (0,13) 0,00 (0,00) 0,00 (0,00) 
LSDr (P = 0,05) : (0,07) 
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Figure 2 Transformed germination percentages of Erica hebecalyx 
seeds after exposure , in the dry and imbibing form, to different 
ammonia concentrations. The figures in parentheses represent mean 
germination percentage values before transformation. 
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Figure 3 Transformed germination percentages of Erica hebecalyx 
seeds at lOoC and 21°C after exposure to different concentrations of 
ammonia. The figures in parentheses represent mean germination 
percentage values before transformation , 
shown), while that of E. hebecalyx was stimulated under 
certain conditions. Significant interactions are illustrated in 
Figures 2 and 3. As with ethylene treatments, stimulation 
of E. hebecalyx seed germination by ammonia was ob-
tained after treatment of both dry and imbibing seeds at 
particular concentrations, the optimum being slightly 
higher for dry seeds (Figure 2). The stimulatory effect of 
ammonia was also far more pronounced at a subsequent 
incubation temperature of lOoC than at 21°C (Figure 3) . 
The mean values represented in Figures 2 and 3 were 
computed on pooled data and do not reflect the full extent 
of stimulation by ammonia found in certain treatment com-
binations. Maximum germination (17,5%) was recorded 
after exposure of dry seeds to 50 ppm ammonia with subse-
quent incubation in the dark at lO°e. Only 2,5% of the dry 
seeds incubated under these conditions germinated 
without prior exposure to ammonia. 
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Discussion 
Stimulation of seed germination by high temperature treat-
ments in the laboratory is thought to be indicative of a pro-
motive effect of fire on seed germination under natural 
conditions (Whittaker & Gimingham 1962; Martin et al . 
1975; Gill & Ingwersen 1976). The results presented in this 
paper suggest, therefore, that elevated temperatures dur-
ing a fire may have a promotive effect on seed germination 
of E. hebecalyx, but not on that of E. sessiliflora. 
As far as exposure of seeds to ethylene and ammonia is 
concerned, no attempt was made in the present study to 
mimic natural conditions, in fact, no data could be found on 
the possible concentrations of these gases in the immediate 
environment of fires. However, the fact that seeds of E. 
hebecalyx can respond positively to both gases, as well as to 
heat, at least suggests the possibility of a response to mul-
tiple cues in a fire under natural conditions. As not one of 
these cues resulted in very high germination percentages, it 
could be rewarding to examine the possiblity of additive ef-
fects of these factors. 
It is interesting to note that exposure of E. hebecalyx 
seeds to 96,5°C altered their response to dark incubation 
at a moderate incubation temperature. It is therefore pos-
sible that the response of seeds to environmental factors 
changes subsequent to fire. 
Of considerable interest is the response of dry seeds of E. 
hebecalyx to ethylene and ammonia. Fires are, indeed, 
likely to occur during dry periods when seeds are not in the 
imbibed condition. As the dry seeds were incubated im-
mediately after exposure to ammonia and ethylene, it is not 
known whether the stimulatory effect will still be evident in 
the event of postponement of imbibition. 
The results suggest that seeds of E. sessiliflora will show 
no direct response to a fire but that those of E. hebecalyx 
will. The former species has persistent infrutescences, and 
it might be worthwhile assessing the effect of the factors 
tested in this study on seeds retained in the flower heads. 
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